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ABSTRACT 

In this work, we studied the fluorescence and hybrid- 
ization of multiply-labeled DNA probes which have the 
hydrophlRc ffuorophoro 1 -(e-carbo*y pentyny IM '-ethyl- 
3 l 3 t 3 / p3Metramethyilndooart)C)cyanine'5 l 5 / -dlsulfonate 
(Cy3) ottaohod via either a abort or long linker at the OS 
position of deoxyurfdtna. We describe the effects of 
labeling density, fluorophore charge and linker length 
upon Ave properties of the probe: fluorescence Intensity, 
the Changs In fluomtcsnce upon duplex formation, the 
quantum ytMd of fluorescence (<*t)> probe-target 
stability and apecHlctty* For the hydrophillc dye Cy3, 
wohav demonstrated that the fluorescence Intensity 
and Or are maximized when labeling every 6th bass 
using the long linker. With a less hydrophillc dye, a 
labeling density this high could not be achieved 
without serious quenching of the fluorescence. The 
tsrgBt specificity of muMply-lsbeled DNA probes was 
just as high aa compared to the unmodified control 
probe, however, a lesa stable probs-targvt duplex is 
formed that exhibits a lower melting temperature. A 
mechanism that accounts for this destabilizatlon is 
proposed which Is consistent with our data. It involves 
dye-dya and dye-nudeotfde interactions which appear 
to stabilize a single-stranded conformati on of the probe, 

INTRODUCTION 

Fluorescent DNA probes for in situ hybridization are now 
commonly used in a wide spectrum of applications such as the 
determination of mRNA distributions on the cellular and 
subcellular level (i xrwrritocmg gene expression (3,4), tfefiecting 
gene delerinns and translocations (5-7). detecting chromosome 
translocations (8) and die mapping (9-1 1 f and sequencing 
(12,13) of genes. Increasing the detection sensitivity would allow 
even greater application of this method. The main factors that 
determine the sensitivity of a fluoxtccem DNA probe are its 
brightness, target specificity and the stability of die probe-target 
duplex. Previously, DNA or RN A probes were either chemically 
labeled with only a single fluorophore on Lhe 5' end of the 
oligonucleotide (12,14) or were labeled by enzymatic means, 
such as nick. tanslaooQ or in vitro transcription, which incorporates 

dye-modified nucleotides for, on average, 4 C ( of the bases 

(15,1 6). Current technology now allows multiple fluorescent labels 



to be directly attached to the oligomer by chemical means which 
may lead to brighter probes (17-19). However, increasing the 
labeling density of the fluotophore has been shown not to 
necessariJ y increase the sensitivity of the probe (20) , since it also 
is known to quench fluorescence, reduce the extinction coefficient 
of the dyes (2 1 ,22) and decrease the stability of the probe-target 
duplex (17,23). The amount of destahUizarion is dependent upon 
the site used for attaching me dye. Some locations for covalem 
dye attachment, such as the sugar, via a modified 2'-arjainonuc)eo- 
side (24), or the phosphate backbone, via the use of phosphoro 
thioites (25), have been shown to result in significant duplex 
destabflization even at a low degree of dye incorporation. 

In this work, we have synthesized a series of DNA probes that 
are multiply labeled with either the diftulfanaied, anionic 
fluorophore Cy3, or a mono-sulfonated zwitteriorac Cy3 analogue* 
Cy3NOS. Hie oligonucleotides were 27mers of thymidine with 
•dye-labeled deoxyuridine analogues evenly spqeed throughout 
the oligonucleotide. Fluorophorcs were covalemly attached to 
linkers at the C-5 positum of deoxyuridine analogues where the 
effect upon hybridization should be minimal (17). Two linker 
lengths were studied By using the 27dT sequence for our probes, 
dyes could be attached to the oligonucleotide without any 
sequence constraints and the duplet stability of the probes could 
be compared directly by extermination of the meltin g temperature 
(Tm), The probe specificity was measured through AT m measure- 
Tiroes, defined as the difference between T m values of the probe 
annealed to DNfA target with ixupcct to when annealed to a 
single-base mismatched target (26). 

We report the effect of labeling density, fluorophore charge and 
linker Wngfb upoaa fluorescence mten^, dw change in Ihiortscence 
upon duplex formation, the quantum yield of fluorescence (<&r), 
and pjobe-iarget stability and specificity, 

MATERIALS AND METHODS 

Dye synthesis and characterization 

The active A/*ydfoxysuccuumidyl (NHS) esters of Cy3 and 
Cy3NOS (Fig. 1A) used to label the oligonucleotides were 
synthesized according to the proceduic of Mujurndar (27). 
Cy3NOS was obtained by using the non-suifonated intermediate 
. 1 ^e^arboxypenr^^ iodide (a gener- 

ous gift of Dr Mark Reddington) to produce the zwirtcrionic Cy3 
analogue. The crude Cy3N0S was purified on a CIS reverse 
phase column u&ing 15% MeOH as lhe eluant Salts that co-elutcd 
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Figure 1. (A) Tbo nrucnm vt Cy3 a»d qy3NOS. (B) The simctutc of the 
inuno-modffied nridine noJogau, C2dT tad C6dT> vtbai coupled 10 iht dyes 
Cy3 am) CyttTOS. (C) Sequence* of flwDNApobcs medio this siudy. T* ind 
T' ma* the pcafconi whete the modified base* ClfT and CfciT have been 
incorporated respectively; The probes were designated by acwo Ji^k codt. The 
fiist digit indicate* die number cf dye* aiacbed^tlicwcon^vvhiLh modified 
base wat usedi *%' and *6* ret OdT and C6VJT cwpcctively. UrUwaocpliciiJy 
stated odcrwiae, all pcobet wtie labeled with Cyl One prot*. *SNOS t 
liteJed wim Cy3NOS rather than Cy% 

with the Cy3NOS were removed by triturating the product over 
water. The structures of the Cy3 and Cy3N0S were confirmed by 
! H NMR. The Cy3NOS had anextincdon coefficient (e) of 135 (WO 
lAnol-cm at its ^ 546 am and a *f of 0.046 in 10% MeOH 
determined against a Rhodamine 6G standard in EtOrL The £550 
and <&ffor Cy3 are 150 000 and 0.04 respectively [21). The dyes 
were converted to (he NHS ester (27), dissolved in dry 
dimethylfonnamide (DMF) art stored at 4°C over activated 3 A 
molecular sieves until use. The water solubility of the Cy3N0S 
carboxylic acid was found tobc 4.53 x1(Hm (0.249 u 100m 
temperature as determined by absorbftTice, For Cv3 carboxylic 
acki, the water sohibility was >0.34 M (234 g/1). ' 

Oligonucleotide synthesis, labeling and purification 

The modified base* were introduced into foe oligonucleotides 
using the phospharamdiies anunc^raodificT C2dT and amino- 
modifier C6dT (Glen Research). Tba fluoropbores were attached 
through the formation of an amide bond between the primary 
amine of linker and the active rV-hydoxysuccinimidyl ester of the 
dye. Figure IB shows the structures of C2dT and C6dT labeled 
with Cy3 and Cy3NOS. 

The oligocwebotides used m ffns study (Kg. 1 Q were svaflcsi2ed 
oo a Gene Assembler Bus (Pharmacia LKB) on a 0.2 jim" synthesis 
scale using' Pharmacia reagents and were deprotccted using 
standard procedures (3). 

The labelipgccntfitions used for j*obe 42 am as follows: 90nmoi 
of unlabeled probe 42 was dried by speed vac and taken up in 
' 360plof0.SMc«rtxrateft)^ 

53 pi aliquot of a 135 mM solution ofCy3 NHS ester in DMF was 
evaporated to a glass (speedvac), taken up in 20 \x\ dHiO and 




Figure 2. Fluorescence image of *i acryitmide gel ihowicg upicaJ ptkhiet 
diicributiOT) after taheline prabei 42. 52 and 62 with Cy3. 

immediately added to the oligonucleotide solution, which was 
vortexed arid kept overnight at rbom temperature. For probes 42 
and 46, 20 dye equivalents per amino group were used. For the 
52/56 and 62/65 probes, 30 and 40 dye equivalents per amino 
group were used respectively. For probo 56NOS. a 90 nmol 
sample of unlabeled probe 56 was taken up in 360 JXZ of Buffer A. 
To this, 2SS pi of Cy3NOS NHS ester in dry DMF. equivalent to 
30 dyes perarruno group, was axld^aDdthere^onttuxQirewas 
vortexed for 10 mia After labeling with either Cy3 or Cy3NOS, 
the free dye was removed from the labeled oligomer by gel- 
fUtratiou through a 20 cm column of BioGel P4 (Bio-Rad) 
equilibrated with O.l M TjietiTylammoniuni acetate. 

Generally, 85% labeling was observed par amino group which 
leads to a distribution of multiply-labeled probes (Fig. 2). The 
slowest running band in each lane is the fully labeled oligoruideo- 
tide. The successively faster bands correspond to the n-L n-2 and 
n-3 partially labeled probes, where n is the number of modified 
bases present 

The probes were puified by polyaoylarnide gel electrophoresis 
(PAGE) on 20% acrylamide gels containing 7 M Urea and 5% 
bisacrylamide (28). The slowest running band was excised and 
the oligomer was extracted by the 'crush-aTld-soak , method as 
described (28) with the exceptions dial the elution buffer 
contained no SDS and the elution was earned out at room 
temperature overnight The oligomers were recovered on a 
Sep-Pftk C18 column (28). Three consecutive gels were required 
to obtain a pure probe. Unlabeled probes 42-66, as well as the 
uiunodified obgonuckotidea 27dT, 27dA and 26A1G, were also 
purified by PAGrs though only a single run was performed. A 
single band was observed by UV shadowing and excised. 

MALD1 mass spectrometry was used to confirm the structures 
of both a Cy3-laheled probe (probes 46) and a Cy3NOS4abeled 
probe (56NOS). Fee probe 46, the expected molecular weight was 
1 1219 and the observed m/z ratio found was 11176. For probe 
56NQS> the expected molecular weight was 11585 and the 
observed m/z ratio found was 1 1589. The results were within 0.36 
and 0.012% of the calculated molecular weights respectively. 

Extinction coefficient of probes 

The extinction coefficients (t) of the probes were determined in 
lOmMTitf-HCIOtat pH 7.0 according to the method of Cant or 
and Ttnoco (29). The experiments were performed in duplicate 
for each labeled probe and th results were within 2%, The results 
are listed in Table 1. The extinction coefficients at 260 nm used 
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wavelength (am) 



Fig*! 1 * AhavbtDCB ipectn cfpribt 66 aanealed to pdy[dA3 Trorn \0 tt> 70*C showing th* fr* extinction coefficient of th* dy** i* scnolivo to th« eoAfonnuioc 
of tbc probe. The lUm b m ce at 331.* nm dropt abruptly between 30 uy) 40 a C m probe 66 ptmci thrttugi the nansitiflo &wn being double-sirandcd to being 
angfe-ariDded 71» tfQfJ*Mrandal probe shows no inch u^uiUpo (vueiX 



for die nucleotides Were 9110 (pdT), 15300 (pdA) and 11800 
(pdG) W in lAnol-cm (30). The € of C2dT and C6dT were tiken 
a$ 119% of dT(Hu^M*^GlcnRese^ 
uon) yielding a value of 10900. For pdT *nd pdG, the literature, 
values listed ate for 268 nm (pH 7) and 255 nm (pH 1) 
respectively. These were extrapolated to 260 nm, pH 7.0, by 
determining the ratio of the absorbancc al 268 nm (pH 7) and 
255 ran (pH 1) for pdT and pdG to the absorbance of the 
nucleotides at 260 nm, pH 7.0. With multiple dyes attached, there 
is a significant contribution by the dyes xo the ateocbance u 260 
nm. Therefore, tbc absorbance of the dyes at 260 nm was taken 
into account (4900 and 9000 J/mo)-cm per dye attached for Cy3 
and Cy3NOS respectively). 



ftble J- The extinction eoefficienLi of *e prebe», in 1 rof»l-l-c«H 
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Due feo diffucwei between die Cy3 md Cy3NOS dy«, the cvincrion coeffitiwxs 
□f probe 56NOS m agnificArfly different *t 260 and 550 nm, 2.78 and S.1Q 
(xjfr**) respectively. 
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Mehing curves 

Melting curves were obtained on an Aviv 14DS UV-vis 
Spectrophotometer (Aviv) fitted witha ihermceJectric temperature 
controlled cell holder. The cuvette jacket temperature was 
monitored concurrently with the absorbance at 260 and 5 5 1 .4 nm. 

The wavelength 551 .4 nm was chosen because ii was found to 
be an isoabestic point for probe 66 when single-stranded (Fig. 3, 
inset). Absotbance spectra of probe 66 in lOOmMNaCJ, 10 mM 
Na cacodylata pH 7.0, 25°C (Buffer B) were taken from 10 to 
70° C at 10* C intervals from which the isosbestic wavelength was 
oetemrined By choosing to monitor this wavelength during the 
mehing curve determination of double-stranded jvobes, the change 
in die absorbancc of die dyes should be due to conformational 
changes in die DNA and not due to the effect of changes in 
temperature upon the dye itself. 

The melting curves were determined as follows: 0.53 nmol of 
both probe and target (either the matching target 27dA or the 
mismatching target 26A1G) were combined and dried by 
speedvac. The sample was taken up in 550 pi Buffer B to yield 
a total strand concentration of 129 * 10" 6 M. The solution was 
wanned to 50°C and gradually cooled to 4 A C whore it was 
maintained until the melting experiment was performed. Samples 
(0.5 ml) of annealed probe were ramped at l d C/rnin from 0 to 
70°C, heJdfor2 mm at 70°Cand ramped back down m0°C Data 
were oollectDd every 60 s, with each drtiim the average of 10 points 
collected over 1 s. The spectral bandwidth was 1 nm. 

The lag between the mie cuvette tempemire and the monitored 
jacket temperature was corrected for by calibration using optical 
thermometry (31). In addition, melting curves were determined 
for Buffer B alone to aaxnmt for any changes in buffer absorbance 
with temperature. These 260 and 531.4 nm melting curves were 
fitted to 4th order polynomials which were used to generate 
melting curves of the buffer at 260 and 5$ 1 .4 nm for any given 
temperature ramp. These estimated eurves were subtracted from 
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ffe melting curve of the probe, correcting for the change in 
background abaortance with laiipeiaiure^ The melting temperature 
(T^) was determined by fmriing die inflection point of the 
absorbance curve at 260 nm from the derivative curve, dA/dT* 
smoothed over 5 points. 

Data for probe 66 is not listed as the probe bound irreversibly 
to a <X2 pm MUlex-CS tBterOVCllipcre). Preview* work in our lab 
with probe 66 using poly[dA] as the target ujdicared thai the T m 
and fluorescence data foflowod the same trend as probe 62. 

Quantum yield of fluorescence 

The of the hybridized probes were determined with a SPEX 
Fluorolog II specaofluorocnetcr (SPpX Industrie*, JncO fitted 
with a temperature controlled cuvette bolder and using rfcodamine 
6G in BtOH as the standard according to O'Brien (32). The 
excitation wavelength waa 5145 nm which allows the entire 
emission spectra of the Rbodamine 6G, Cy3 and Cy3NOS to be 
observed ^emiaswo was scanr^ ran 
increments, 1 s integration tinw with all slit widths aiOJ mm. The 
annealed probee, previously used to determine the melting 
curves, were diluted with Buffer B such that their absorbanccs 
were 0.03 at 51 4.3 nm. Prior to the fluorescence measurements, 
<he annealed probes were equilibrated at 21*5°C for 10 roui. 
Fluorescence brightness was defined as the integrated peak area 
from 516 to 800 nm, correcting for probe concentration. 

Percent change In Ouoreacenee upon hybridization 

To determine the effect of hybridization upon fluorescence, 
equimolar solutions of probe at 2l.5°C, with and without 
poly[dA] target, were excited at 520.4 nm and 0>c fluorescence 
emission was observed from 527<4 to 724.4 nm. 

lb ensure that the changes in fluorescence intensity measured 
were not due to changes in the extinction coefficient of the dyes 
caused by differences in probe hybridization, a second isosbestic 
point was determi ned at winch the dye ahsorhance is the same 
regardless of whether the probe is single- or dowble-siranded (Fig. 
3)* By using this isosbestic point at 520.4 nm for the excitation 
wavelength, the fluores c ence enhancement measurements should 
be a function of the Q>f only. 

The percent change in fluorescence upon hybridization with 
target was determined a* follows: 0.0546 nmol of probe was taken 
, upin4.2 ml of Buffer B. yielding acaccEntratk« of \ J0x 1(H M 
From this solution, 2 ml wen transferred to two matched quartz 
cuvettes. To one cuvene, L36 ul of poly [dA] (average length 300 
nucleotides) was added. The dA concentration was 0*516 raNt 
which yielded a 1:1 nucleotide ratio of probe to target The 
cuvettes were then sealed with teflon stoppers, shaken, wanned 
to5O ft CatKlaflowedt0ani}ealforatleafit6h.s)owly cooling to 
4*C, The samples were excited at 520.4 nm and scanned from 
527.4 to 724.4 nm, with the excitation and emission slit widths at 
2 mm. Two measurements were taken for each pro be before and 
after 50% dilution wkh buffer which was added directly to the 
cuvette. For probes 42, 52, 56 andSuNOS the experiments were 
repeated The fluoresce 

to 724/4 nm. The percent change in fluorescence upon duplex 
formation reported is defined as dWds) - Mss)]/Ir(ss)] x 100. 

It was found that annealing the probes in polypropylene tubes 
and then transferring the solutions to cuvtttes yielded erroneous 
results due to dtffaeotial adhcsicri of die single- versus double- 




TtnpmfetttCC) 

Figtrre 4. Eumptei of the mdting owes cbtdntd. Shown ire 0k aipenrapqsed 
metona anvt* of probes 42 vAxti boend to ohutv*4 *t 260 and 
551.4 nm from 0 » 70*C For cltrity, ihe melting curves fooi 70 to 0"C ant not 
iho*n, twevef, Unle hyrteiwai wic observed. 



stranded probes to the polypropylene tube. Therefore, the probes 
were annealed within the cuvettes to avoid any transferring and 
loss of oligonucleotide. 

RESULTS 

Duplex stability and specificity 

All the probes exhibited normal melting behavior. Figure 4 shows 
the melting curves for probes 42 and 62 which represent tht low 
and high dye-labelmg densities investigated in this study (four 
and six dyes per oligomer respectively). It is apparent that even 
when the labeling density on the probe is as high as every 5th base 
(probe 62)> the duplex still melts in a cooperative manner with 
licrje broadening of the transition. That transition, however, has 
been shifted to a lower temperature compared to probe 42. In 
addition, the transition from duplex to single-stranded DNA is 
reflected in the absocbance curve of the dye aa well as the oligo- 
nucleotide ahsorhance at 260 nm. 

The meltiiig temperature of (he probes annealed to the matching 
target 27dA and to the mismatch target 26A1C were determined 
(Table 2). From these data, we make four observations: (i) each 
additional n^ganVoly-chafged Cy3 reduces the r m by -~2 d £; (ii) the 
zwitterionic CyJNOS destabilizes the helix more than an 
equivalent number of Qy3 labels do; Qfi) extending linker length 
by four caibons dor» not apprec^^ 

is the change in stability of the duplex when one mismatch is 
present (which is measure of probe specificity), the probe 
specificity does not change significantly with dye labeling. 

The reduction inthe? m i5notduetothe incorporation of 
amino-raodifiad uridine analogues perse; melting curve derermi- 
nations far the six probes 42-{S6 indicated that there is no decrease 
io the T m prior to labeling with Cy3 (data not shown). 

Fluorescence intensity, quantum yield and the effect of 
duplex formation 

The fluorescence intensity of the hybridized Cy34abelod probes 
initially increases as additional dyes ate added (Table 2). Once six 
dyes are attached, however, the inrensiry decreases- The same 
trend is seen with the quantum yield of fluorescence ($r). Both 
the fluorescence and *f are relatively insensitive to the presence 
of a mismatch and the length of the linker. 
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Figure 7. (A) The abeofbmce apectnim of probe 52 a/Ki iti Ctkuhxni 
composite spectrum wtoea f» gye-nuckockfe or dye-dye interaociafis ate 
present. The inaotc m ftp all m of the ahoulder «t 310 an suggesa tht 
the pntencft oftedj^ctopcttatbthciaic^^ 

4nt8nctUm art tigpifleau. (B) lb* AhioffataAetpecirimiof pxobr S6NOS«nd 
to calculated cofaposjifc CptatUtt when V» dy^uclcObdff or dyt^dym 

tnfcnalow are prwinL The nm^iMttiaxtddi«l^ii310itoRi£*c^sihflf 
tt» j^wionac dye Cy 3NOS tamracts me fart the anionic dye Cy3 with rfw 
nucleotide** (Q Sj*^ t*«*wnoUr lotottatt of pcobe 56NOS when slnak- 

xkfioon of DNA wiet Wggfctfinj that fonnatioo of the douhk Mi* dUtupu 
the tfyo-frtcleotidc kftctactknt. Iki atkfitioa Ae doobte-itnnded abftorbance 
spectrum befms to look very untiUr to tba cqropoaite spectrum of probe 
56NOS utoea oo dyo-flUG&M&fc or o^c-siye arteiactiw ^ pre^ (B). Tt» 
cofuposte spectn we okufited by OD recording specs* of tix frohea *hcn 
labeled witb4yei wd unlabeled; (n) die *poctjaQf|hcfrKdyCS*ClctecOfded 
and the ba setae* vreie aarccted; (3D the spectra of the unlabels! prabes were 
naraaUzed agates ihs tabded probes to give spectra for identical probe 
conctntiiiooi; (rv) tbc spectnof the frc*Cy3 ud CySNOS wert norauffixed 
agiumt tfks probe* ai the ootbetfe point between tUrt^omexa^dioicrftjruU 
{520.4 ma) to yfasid Identic^ dyt coaeenwtiora; and (v) the spectra of ih* 
eomofal dye* «i4 uejabeltd probe* «me aA3edU)^ the ctjcnpotite spectra 
oT52end^NOS. 
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of 25 IcJAnol at 25*C for most dyes (33), Since dbrnerization is 
favored when the rjobes art sin^c^stranded^ dyodye interactions 
would be expected to stabilize a single-stranded conformation of 
the DNA probe. This would shift the equilibrium away from 
duplex formation and lead to a lower T m > This model predicts that, 
as more dyes arc added to a DNA probe* the oligomer will 
increasingly be locked into non-fluorescent, single-stranded 
conformations » lowering the duplex stability of the probe. This 
trend is observed in Table 2. Another prediction of this model is 
that upon addition of target to single-stranded probe, the 
fluorescence should go up. As seen in Figure 5, however, this is 
mic for only two of the probes. Thcrefbre, though it appear* that 
dye dimcr formation dots contribute to die dcstabilizatioa of the 
probe-target duplex, other effects must also be taken into account 
Dye-nucleotide btcTOticns could be another possible explana- 
tion of the observed duplex destabilbrtion. Recently it has been 
reported that with singly-labeled fluorescent DNA prober, 
dye-DNA interactions are present as observed by fluorescence 
anisotropy and fluorescence lifetimes (34). Such interactions 
would have to be Broken to form a double helix and therefore, one 
would expect a monoEonic decrease in the T m as more dyes are 
attached. 

We have used absorption spectroscopy to look for evidence of 
dye-nucleotide interactiosis- Si graficant ground state dyc-nucleotide 
mteracticcs may haver an effect upon tbc UV absorbance spectrum 
of the oligonucleotide. If this is the case, the spectrum of a labeled 
probe will not equal its composite spectrum obtained by adding 
the spectrum of the free dye (carboxylate farm) to the spectrum 
of the unlabeled DNA oligomer. We can exclude dyewlye 
interactions (present in the single-stranded probe) as a major 
contributor tn any difference in the absocbance in the UV region 
because, although there is a 14% decrease in absocboice at 280 run 
upon dimcr formation, between 295 and 315 nm there is 
essentially no change in the dye absorbance spectra (data not 
shown). Therefore, at least in the region between 295 and 3 1 5 nm, 
actual and composiia spectral changes are most likely due to 
dye-nucleotide interactions . The composite and actual spectra for 
probes 56NOS and 52 are shown in Figure 7. 

There are significant differences' between the actual spectra of 
probes 56NOS and 52 and their respective composite spectra for 
which no dye-rjucleotide or dye-dye interactions are present 
(Fig. 7A and B). The increase in the absorbanoe of the shoulder 
at 310 nm suggests that the presence of the Cy 3 dyes do perturb 
the nucleotide bases and that dye-nucleotide interactions are 
significant In Figure 7B, the more pKooounced shoulder at 310 nm 
suggests that the zwittenonic Cy3NOS interacts with the 
nucleotides more than the anionic Cy3, Comparing spectra of 
eqiiinaolar solutions of probe 56NOS when single-stranded and 
double-siranded (Fig. 7C), one note* that the shoulder at 310 nm 
decreases upon addition of DNA target. This is Die behavior thar 
one would expect since the formation of the double helix should 
disrupt the dye-nucleotide interactions. In addition, the double- 
stranded absarbance spectrum of 56NOS (Kg. 7Q begins to look 
very similar to the composite spectrum of probe 56NOS when no 
dye-nucieotidc or dycHlyc interactions ire presem (Fig. 7B), 
indicating chat duplex formanon disrupts dye-dye, as well as dye- 
nucleotide, associations. 

Therefore, it appears thai bah dye-dye and dye-nucleotide 
iniciacuons are present If the dyo-nuclcot*de and dye-dye interac- 
tions are strong enough, then the duplex should be destabilized by 
those interactions, which seems to be the case. The relative 
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contributions of the dye-dye and dye^-nocleocide interactions to 
the <fr*tabili 7arjon of the hybridized probes will be probc-<fcpcndeOL 
I Dy^-dyc interactions will be favored at higher labeling densities 
* and when longer linkers ire used. Though dye diuntis are known 
to quench fluorescence (33), it is possible that dye-nucleotide 
interactions may enhance it It is known thai increasing the 
planarity of cyanine dyes leads to an increase in the 4^ (32). 
Therefore, if dye-flttcleotide interactions stabilize a planar dye 
j conformation, they may also enhance fluorescence. If this is true, 
! then the balance between fluorescence quenching effects from 
! dye-dye interactions and fluorescence enhancement effects from 
I dyc-nucleotide interactions may account for the complicated 
behavior seen in Figure 5. 

i 

CONCLUSION 

In this study, we synthesized a scries of multiply-labeled 
j fluorescent oligooudeotides, investigated the effect of labeling 
| density, fluorophom charge and linker length upon fluorescence 
intensity! (he change in fluorescence upon duplex formation, the 
quantum yield of fluorescence, probe-target sobiliry and specificity 
to toczmuK in vitro the bc^ probe. Out work indicates that (i) the 
optimum in vitro probe is obtained when labeling with a 
hydrophuic dye such at Cy3 every 6th base using a long linker* 
fii) the probo-targct dupkx formed is less stable for multiply-labeled 
fluorescent DNA probes due to dye-dye and dye-nuclcorjdc 
interactions which appear bo stabilize a singie-somded conformation 
of the probe;; (iii) the target specificity is just as high as compared 
to the unmodified control probe. 

In designing multiply-labeled fluorescent DNA probes, our 
work suggests that the primary concern should be to optimize the 
brightness of the pcob* while maintaining its ability to form a 
stable duplex. In optimizing probe brightness, one should begin 
with the design of the ftoorophoie itself since the optimum 
labeling density depends upon the fluorophore used. Future 
fluorophore development should focus on reducing the tendency 
of dyes to farm mesa aggregates since it is dye-dye and dye- 
nucleotide aggregation which lowers the stability of the probes as 
well as their fluorescence brightness. If this can be achieved while 
maintaining high extinction coefficients and quantum yields, men 
the sensitivity of the resulting probes would be greatly enhanced. 

Aggregation can be mbibied by increasing the hydrophiHciry 
of the fluorophore or notifying ft wfrh bulky poups that sterkaUy 
interfere with dimerizadon. For indocarbocyanines^ sulfonation 
of the udolenine rings has been shown to be a very effective 
approach since the sulfonate groups are very bulky while adding 
hydrophilicity to the dye. This has led to the exceptional qualities 
of Cy3 for which the <&p doubles upon conjugation to an 
oligonudeotid^; for comparison 

dj£onudeotide decreases by 85% (35). This make* the Cy34abeled 
DNA probe approximately twice as bright as a ffeiotrxcdn-labeled 
conjugate, with brightness defined as £>$f Other approaches, 
such as encapsulation in cyctodcxtrins, are currently under 
investigation, 
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